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Radar Level Transmitter
Connection

A practical guide to radar level transmitter connection, covering the reader intent,
the relationship to radar level transmitter connection, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In industrial process control, the accuracy of level data depends not only on the
sophistication of the sensor but also on the integrity of the physical and electrical
interface. The radar level transmitter connection serves as the critical bridge
between the measuring instrument and the process vessel. Whether dealing with
corrosive chemicals, high-pressure steam, or food-grade liquids, selecting and
installing the correct connection is essential for long-term reliability and
measurement precision.

Radar Level Meters have become the industry standard for non-contact level
measurement due to their ability to operate in vacuum, high temperatures, and
dusty environments. However, a mismatch in connection type or a poor installation
can lead to signal loss, false echoes, or mechanical failure. This guide explores the
principles of radar measurement, mechanical and electrical connection standards,
and practical selection criteria for engineering professionals.

| Understanding Radar Measurement Principles

Before addressing the specifics of the radar level transmitter connection, it is
necessary to understand how these devices interact with the process medium.
Radar level meters utilize electromagnetic waves, typically in the microwave
frequency range (6 GHz to 80 GHz), to determine the distance to a product surface.

| Time-of-Flight (ToF) and FMCW

Most modern transmitters use one of two primary methods:

1. Pulse Radar: The device emits a short microwave pulse and measures the time
it takes for the pulse to travel to the surface and reflect back. The distance is
calculated based on the speed of light.

2. Frequency Modulated Continuous Wave (FMCW): The transmitter emits a
continuous signal with a constantly changing frequency. The difference in
frequency between the emitted and received signal is proportional to the distance.
FMCW is generally preferred for high-precision applications due to its superior
sighal-to-noise ratio.
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The frequency of the radar also dictates the physical size of the antenna and the
type of connection required. For example, 80 GHz high-frequency radar allows for
smaller antennas and smaller process connections (down to 20 mm or 3/4"),
whereas 26 GHz units often require larger flanges to maintain a focused beam.

| Mechanical Connection Types

The mechanical connection must provide a pressure-tight seal while allowing the
radar beam to enter the vessel without interference. There are three primary
categories of mechanical connections used in industrial applications.

| 1. Threaded Connections

Threaded connections are the most common for small vessels, bypass pipes, and
non-pressurized tanks. They are cost-effective and easy to install.

NPT (National Pipe Thread): Common in North America, providing a tapered seal.

G (BSP/ISO 228): Parallel threads common in Europe and Asia, requiring a gasket
or O-ring for sealing.

Typical Sizes: 1/2", 3/4", 1", 1.5", and 2".

| 2. Flanged Connections

For high-pressure, high-temperature, or corrosive environments, flanges are the
preferred radar level transmitter connection. They provide a robust mechanical
interface and are available in various materials to match the vessel construction.

Standards: ANSI/ASME B16.5, EN 1092-1 (DIN), and JIS B2220.

Materials: 316L Stainless Steel, Hastelloy, or PTFE-lined flanges for aggressive
media.

Sizes: Typically ranging from DN50 (2") to DN250 (10").
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| 3. Sanitary/Hygienic Connections

In the pharmaceutical and food and beverage industries, connections must be free
of crevices where bacteria can grow. These connections are designed for
Clean-in-Place (CIP) and Sterilize-in-Place (SIP) processes.

Tri-Clamp: The most common hygienic connection, secured with a clamp and a
food-grade gasket.

Bolted Sanitary Flanges: Used for larger hygienic vessels.

| Electrical Connection and Signal Integration

The electrical radar level transmitter connection ensures that power is supplied to
the unit and that the level data is transmitted back to the PLC, DCS, or SCADA
system.

| Wiring Configurations

2-Wire (Loop Powered): The most common configuration where the 4-20 mA signal
and power share the same pair of wires. This simplifies installation and reduces
cabling costs.

4-Wire: Separate pairs for power (often 24V DC or 110/220V AC) and signal output.
These are typically used for high-power radar units or those with integrated
heaters for cold climates.

| Communication Protocols

Modern transmitters rarely output a simple analog signal. They often include digital
communication layers:

HART (Highway Addressable Remote Transducer): Superimposes a digital signal
over the 4-20 mA loop, allowing for remote configuration and diagnostics.
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Modbus RTU / RS485: Common in oil and gas applications for long-distance digital
communication.

Profibus / Foundation Fieldbus: Used in large-scale plant automation for high-speed
data exchange.

| Selection Criteria for Connection Types

Choosing the right connection requires an evaluation of the process environment
and the physical constraints of the vessel. The following table provides a
comparison of common selection factors.

Chemical Best Use Case

Resistance

Connection Pressure Temp.

Resistance

Type Rating

Threaded Up to 40 bar Up to 200°C Moderate Small tanks,
(55316) water treatment
Flanged Per Class Up to 250°C Low (unless General
(Carbon Steel) (150/300) coated) industrial, oil
storage
Flanged (PTFE Per Class Up to 150°C Excellent Strong acids,
Lined) corrosive
chemicals
Tri-Clamp Up to 10 bar Up to 150°C High (Hygienic) Dairy, Pharma,
Beverage
Universal Low Pressure Up to 80°C Moderate Plastic tanks,
Flange open sumps

| Installation Best Practices

A successful radar level transmitter connection involves more than just selecting
the right hardware; it requires precise positioning to avoid false reflections.

1. Nozzle Height and Diameter: The nozzle (the pipe section where the transmitter
is mounted) should be as short as possible. If the nozzle is too long or narrow, the
radar beam may reflect off the internal walls of the nozzle, creating a "near-zone"
interference that masks the actual liquid level.
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2. Avoid the Center: Never install a radar transmitter in the exact center of a
cylindrical tank. This can lead to multiple reflections (parabolic effect) that amplify
noise. The ideal position is usually 1/3 of the radius from the tank wall.

3. Obstruction Clearance: Ensure the beam path is clear of ladders, agitators,
heating coils, or inflow streams. If obstructions are unavoidable, many modern
Radar Level Meters offer "false echo suppression" software to map out these static
reflections.

4, Orientation: For threaded connections, ensure the transmitter is mounted
vertically. For flanged connections, the flange face must be parallel to the liquid
surface.

| Limitations and Common Risks

While radar technology is highly versatile, certain conditions can impact the
reliability of the connection and the measurement:

Dielectric Constant (er): Radar relies on a change in the dielectric constant at the
air-medium interface. Liquids with very low dielectric constants (e.g., liquid gases
or some hydrocarbons) reflect less energy. In these cases, a guided wave radar or
a larger antenna connection may be required.

Heavy Foam: Dense, thick foam can absorb or scatter the radar signal. If foam is a
constant factor, a low-frequency radar (6 GHz) or a different measurement
technology might be more appropriate.

Turbulence: High-speed agitators can cause surface waves that scatter the signal.
Using a stilling well or a bypass pipe (connected via side-mounted flanges) can
stabilize the measurement.

Condensation and Buildup: In applications with high humidity or sticky media,
condensation can form on the antenna. Selecting a connection with a
flush-mounted PTFE lens can help shed droplets and prevent buildup.

| Frequently Asked Questions (FAQ)

Q: Can | use a plastic connection for a radar transmitter?
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A: Yes, for non-pressurized, ambient temperature applications like water storage
or plastic chemical totes, plastic (PP or PVC) threaded or flanged connections are
common and cost-effective.

Q: How do | seal a G-threaded radar level transmitter connection?

A: Unlike NPT threads which seal on the thread itself, G threads (parallel) require a
flat gasket (usually EPDM, FKM, or PTFE) or a specialized O-ring to ensure a
pressure-tight seal.

Q: What is the maximum distance for a Modbus radar connection?

A: A standard R5485 Modbus connection can typically reach up to 1,200 meters
(approx. 4,000 feet) without a repeater, making it ideal for remote tank farms.

Q: Does the nozzle material affect the radar signal?

A: Yes. Metal nozzles act as waveguides. If the nozzle is particularly long, the radar
beam can be affected by the nozzle's internal geometry. For plastic tanks, the
radar can often see through the tank top, but a dedicated nozzle is still
recommended for stability.

| Conclusion

The radar level transmitter connection is a fundamental component of industrial
instrumentation that dictates the accuracy and safety of level monitoring. By
understanding the measurement principles and carefully selecting the mechanical
and electrical interface, engineers can ensure that their Radar Level Meters
provide reliable data even in the most challenging process conditions. Proper
installation, following the 1/3 radius rule and minimizing nozzle interference,
remains the most effective way to maximize the performance of these advanced
sensors.
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